OBJECTIVE: We aimed to explore the effects of neuropeptides ghrelin, obestatin, and vasoactive intestinal peptide (VIP) on seizures and plasma concentrations of neuroinflammation biomarkers including calcitonin gene-related peptide (CGRP), substance-P (SP), and interleukin-1 beta in pentylenetetrazol-induced seizures in rats.
INTRODUCTION
There are plenty of data suggesting that neuroinflammation is involved in the pathophysiology of epilepsy. 1 It has been reported that neuroinflammation leads to excessive neuronal discharges in the seizure. 2 Although neuroinflammation is considered to play a key role in the pathophysiology of epilepsy, neuroinflammatory processes underlying epileptogenesis are still unclear. An experimental study with transgenic mice overexpressing pro-inflammatory cytokines, such as TNF-α and IL-6, in astrocytes reported that age-dependent reduced seizure threshold and spontaneous seizures developed in these mice. 3 In addition, it was reported that inhibition of IL-1β signaling resulted in the inhibition of seizure generalization and increased the seizure threshold in the surrogate kindling model of epileptogenesis in rats. 4 control group were administered 0.2 ml normal saline and received another 0.2 ml normal saline dose 30 min after the first injection. Rats in the PTZ group were administered 0.2 ml normal saline and received 50 mg/kg pentylenetetrazole 30 min after the normal saline injection. Rats in the Ghrelin+PTZ group were administered 80 µg/kg ghrelin 6 and received 50 mg/kg pentylenetetrazole 30 min after the ghrelin injection. Rats in the Obestatin+PTZ group were administered 1 µg/kg obestatin 7 and received 50 mg/kg pentylenetetrazole 30 min after the obestatin injection. Rats in the VIP+PTZ group were administered 25 ng/kg vasoactive intestinal peptide 8 and received 50 mg/kg pentylenetetrazole 30 min after vasoactive intestinal peptide injection.
Induction and scoring of epileptic seizures
In order to induce a seizure, rats were administered PTZ with a single dose of 50 mg/kg as stated previously. 6 After PTZ injections, the rats were placed in plexiglass cages (40 cm X 40 cm X 30 cm) and their behavior was videotaped for 30 min. The intensity of seizures was assessed using Racine's scoring (0-5) as follows 9 : stage 0, no response; stage 1, facial movements with vellication of ears and whiskers; stage 2, myoclonic jerks without rearing; stage 3, clonus of one forelimb; stage 4, rearing with bilateral forelimb clonus; stage 5, generalized tonic-clonic seizures.
Blood sample collection from animals
Blood samples were taken from the right ventricle 24 h after the PTZ injections and coagulated at room temperature for 30 min. Then, blood samples were centrifuged at 3000 rpm for 15 min at 4 °C, and supernatants were kept at -80 o C until assayed for CGRP, SP, and IL-1β immunoreactivities.
Determination of plasma CGRP, SP and IL-1 beta concentrations CGRP, SP, and VIP contents in plasma samples were measured using the ELISA method with detection kits (ELABscience, Wuhan, P.R. China). The detection limit for CGRP is ~ 9 pg/ml; for SP is ~ 47 pg/ ml; and for IL-1β is ~ 19 pg/ml. The assay procedures were performed following the manufacturer's instructions and in duplicates. After samples or CGRP, IL-1β, SP standards were added and the 96-well plates incubated according to the instructions, the optical densities for CGRP, SP, and IL-1β were measured at It is well established that the calcitonin gene-related peptide (CGRP) and substance P (SP) released from trigeminal sensory fibers lead to neurogenic inflammation by inducing vasodilatation and plasma protein extravasation in the meninges. 5 Therefore IL-1β, CGRP, and SP are biomarkers of neuroinflammation in the brain and meninges.
Neuropeptides are regulators of a wide range of physiological processes in the nervous system.
Ghrelin, obestatin and vasoactive intestinal peptide (VIP) are neuropeptides synthesized in both the gastrointestinal system and the central and peripheral nervous systems. These neuropeptides have key roles in a lot of physiological and pathophysiological events because their receptors are widely distributed through the nervous and gastrointestinal systems.
Although there are some studies on the effects of ghrelin, obestatin, and VIP on epileptic seizures, their effects on the neuroinflammation underlying pathogenesis of epilepsy remain unclear. Therefore, in the present study, we investigated the effects of neuropeptides ghrelin, obestatin, and VIP on seizures and plasma concentrations of neuroinflammation biomarkers, including CGRP, SP, and IL-1beta in pentylenetetrazol-induced seizures in rats.
METHODS

Experimental Animals
Thirty-five Wistar male rats (200-250 g) were used in the study. The animals were fed standard pellets ad libitum and tap water and were housed in cages under standard conditions, including a 12 hour light/dark cycle at 22 ± 2 o C. The experimental processes were approved by the Animal Experiment Local Ethics Committee of the University (license number 2018/04).
Materials
Pentylenetetrazole, ghrelin, obestatin, and vasoactive intestinal peptide were purchased from Sigma-Aldrich (Schnelldorf, Germany). CGRP, SP, and IL-1 beta ELISA kits were purchased from ELABscience (Wuhan, P.R. China ), ketasol (10 %) was purchased from Richter Pharma (Wels, Austria).
Experimental groups and procedures
Thirty-five rats were randomly divided into five groups, with seven rats in each group (n=7). All injections were carried out intraperitoneally. Rats in the 
STATISTICAL ANALYSIS
The data were given as mean ± standard error of the mean. Statistical analysis was performed using SPSS for Windows (version 17.0, SPSS Inc., Chicago, IL, USA). Data obtained from the experimental groups were analyzed by one-way analysis of variance followed by Tukey's multiple comparisons test. A value of p<0.05 was considered statistically significant.
RESULTS
The effects of ghrelin, obestatin, and VIP on the duration of the characteristic behavioral changes in PTZ-induced epileptic rats
The obestatin treatment shortened the onset-time of the generalized tonic-clonic seizure (P=0.037, Fig.  1A ) compared to the PTZ group. Moreover, VIP shortened the onset-time of the generalized tonic-clonic seizure (P=0.039, Fig. 1A ) and first myoclonic-jerk (P= 0.009, Fig. 1B) , respectively. On the other hand, ghrelin changed neither the generalized tonic-clonic seizure (P=0.075, Fig. 1A ) nor the first myoclonic-jerk (P=0.791, Fig. 1B ) compared to the PTZ group.
The effects of ghrelin, obestatin, and VIP on plasma CGRP, SP, and IL-1 beta concentrations in PTZ induced-epileptic rats
The pentylenetetrazol treatment led to significant increases in the plasma CGRP (P=0.001, Fig. 2A ), SP (P=0.003, Fig. 2B ), and IL-1 beta (P=0.001, Fig. 2C ) concentrations compared to the normal saline-treated control group. On the other hand, ghrelin pretreatment decreased PTZ-induced plasma CGRP (P=0.013, Fig. 2A ), SP (P=0.02, Fig. 2B ), and IL-1 beta (P= 0.001, Fig. 2C ) concentrations (PTZ group versus ghrelin+PTZ group).
Obestatin pretreatment did not show any effect on the PTZ-induced plasma CGRP, SP and IL-1 beta concentrations (P=0.98 for CGRP, Fig. 2A; P=0 .09 for SP, Fig. 2B ; and P=0.283 for IL-1 beta Fig. 2C ). While VIP pretreatment further increased PTZ-induced plasma CGRP concentration (P=0.038, Fig. 2A) , it decreased PTZ-induced plasma IL-1 beta concentration (P=0.011, Fig. 2C , PTZ group versus VIP+PTZ group). However, VIP pretreatment did not show any effect on the PTZ-induced plasma SP concentration (P=0.147, Fig. 2B ).
DISCUSSION
Existing antiepileptic drugs (AEDs) target ion channels or ionotropic receptors of excitatory or in-hibitory neurotransmitters. Approximately one-third of patients with epilepsy do not correctly respond to any of these AEDs. 10 Therefore, neuropeptide-mediated modulation of synaptic transmission may represent a novel treatment approach for patients suffering from different types of epilepsy. Pursuant to this hypothesis, we explored the effects of neuropeptides ghrelin, obestatin, and VIP on PTZ-evoked epileptic seizures and neuroinflammation markers including IL-1β, CGRP, and SP.
In the present study, ghrelin attenuated plasma CGRP, SP, and IL-1β concentrations induced by PTZ. This result is important because CGRP, SP, and IL-1β are key biomarkers of neuroinflammation. Moreover, inflammatory processes in the brain have been implicated in the pathophysiology of seizures and epilepsy. 11 An inflammation without infection in the central nervous system is called sterile inflammation characterized by the release of vasoactive neuropeptides, including CGRP and SP, from sensory nerves. 5 SP has a great role in inflammatory processes. Moreover, cytokines such as IL-1β are also released by the glia and neurons in the CNS in addition to immune cells and endothelial cells during neuro-inflammation. 12 Most clinical studies have reported that plasma IL-1β levels were higher in children with febrile seizures than controls. 13 Furthermore, it is well established that IL-1β has a key role in exacerbating seizures in animal models of epilepsy. 14 On the other hand, in the present study, ghrelin did not show any significant effect on the PTZ-induced generalized tonic-clonic seizure or first myoclonic-jerk. In a previous study, it was reported that ghrelin repressed the onset time of PTZ-induced seizures in rats. 6 Although consensus claims that ghrelin has an anticonvulsant action, some studies report that ghrelin did not have any effect on the seizures. One of those studies reported that ghrelin fails to inhibit seizures induced by kainic acid or pilocarpine. 15 Like those studies, we also did not find any effect of ghrelin on the characteristic behavioral changes of epilepsy. However, we first demonstrate the modulating effect of ghrelin on PTZ-induced plasma CGRP, SP, and IL-1β levels. These results suggest that ghrelin may alleviate seizures by decreasing the the neuroinflammation underlying pathophysiology of epilepsy.
Unlike ghrelin, there are some studies about the effects of obestatin on epilepsy. In a clinical study, it was found that plasma concentrations of obesta-tin were higher in patients with primary generalized and partial epilepsy than in controls. 16 In line with this study, we found that obestatin shortened the onset-time of generalized tonic-clonic seizure while it did not affect the onset-time of first myoclonic-jerk in PTZ-induced seizures in rats. Therefore, our results suggest that obestatin has a proconvulsant effect on the behavioral characteristics of PTZ-induced seizure. Contrarily, a recent study reported that obestatin alleviated the intensity of PTZ-induced seizures and decreased neuronal damage by delimitating oxidative damage in rats. 7 This difference may be due to the measurement of different parameters, and, therefore, more clinical and experimental studies are needed to explain the possible mechanisms of these differences. Interestingly, in the present study, the obestatin pretreatment did not change plasma levels of biomarkers associated with neuroinflammation including CGRP, SP and IL-1 beta. Based on these results, we can speculate that obestatin might not exhibit its proconvulsant action through neuroinflammatory mechanisms.
VIP is a neuropeptide that has anti-inflammatory and neuroprotective effects. However, VIP can play a key role in seizure disorders because it demonstrates excitatory effects on synaptic transmission in different brain regions, such as the hippocampus. It has been demonstrated that there was a short-term decrease in brain VIP concentrations after PTZ-induced seizures in rats. 17 Conversely, a clinical study reported that VIP concentrations were higher in the serum and cerebrospinal fluid of children with seizure disorders than in controls. 18 In the present study, we found that VIP shortened both onset-time of generalized tonic-clonic seizure and first myoclonic-jerk. Moreover, VIP pretreatment further enhanced plasma CGRP levels induced by PTZ. These findings indicate that VIP exhibits a proconvulsant effect on the behavioral characteristics of seizure and also exacerbates neuroinflammation induced by PTZ. However, in the current study, interestingly, VIP alleviated PTZ-induced plasma IL-1β levels. Therefore we can speculate that VIP exacerbates seizures by shortening the onset-time of generalized tonic-clonic seizure and first myoclonic-jerk and also by increasing CGRP levels. VIP also endeavors to protect neuroinflammation by reducing IL-1β levels. These results indicate that VIP may have a dual role in the generation of seizures.
As a whole, our results suggest that ghrelin has an anticonvulsant action, obestatin has a proconvulsant action, and VIP has dual action on epilepsy.
Receptors of neuropeptides ghrelin, obestatin, and VIP may be favorable targets for epilepsy treatment. However, studies with specific agonists and antagonists of these receptors are needed.
